Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number: 



0 507 090 A1 



EUROPEAN PATENT APPLICATION 



© Application number: 92103636.4 
© Date of filing: 03.03.92 



© int. ci. 5 : H01M 2/16, H01M 4/14, 
H01M 4/62, H01M 10/12, 
H01M 10/06 



® 


Priority: 09.0a91 DE 4108176 


W-2359 Henstedt-Ulzburg 3(DE) 




18.03.91 US 663213 


Inventor: Radel, Christian 






Hanauerstrasse 16 


Date of publication of application: 


W-6643 Freigericht 1(DE) 




07.10.92 Bulletin 92/41 


Inventor: Kung, James Koang-Jaw 






40 Lawrence Lane 


Designated Contracting States: 


Lexington, MA 02173(US) 




AT BE CH DE DK ES PR GB GR IT LI LU MC 


Inventor: Choi, Wain Ming 




NL PT SE 


1643 Washington St. 






West Newton, MA 02165(US) 


Applicant: W.R. Grace & Co. -Conn. 
Grace Plaza, 1114 Ave. of the Americas 




New York New York 10036(US) 


© Representative: UEXKULL & STOLBERG 


© 




Patentanwalte 


Inventor: Bbhnstedt, Werner, Dr. 


Beselerstrasse 4 




Rhinkatenweg 13 


W-2000 Hamburg 52(DE) 



© Lead/sulphuric acid storage battery. 



O) 

o 

IT) 



© A lead/sulphuric acid storage battery with nega- 
tive and positive electrode plates, between which 
plastics microporous separators or glass-fiber sepa- 
rators are arranged, comprises un-crosslinked natu- 
ral or synthetic rubber to combat antimony poisoning 
in the battery. The rubber is preferably in the form of 
a layer comprising un-crosslinked natural or syn- 
thetic rubber or is incorporated into a carrier layer on 
the separators, on the side facing the negative elec- 
trode plate. Alternatively, the un-crosslinked natural 
or synthetic rubber can be incorporated into the 
separator sheet or into the negative electrode plate. 
The deposition of the rubber as a coating onto the 
inner walls of the battery box is also possible. 




FIG. I 
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The present invention relates to lead/sulphuric 
acid storage batteries, especially deep cycle bat- 
teries which are less susceptible to antimony poi- 
soning. More particularly, the present invention re- 
lates to a battery separator for use in traction 
batteries, such as golf cart batteries. 

Lead alloys with a relatively high antimony 
content (currently approximately 4 to 10 wt-% Sb) 
are used as casting material for the electrodes of 
lead batteries for cyclical stresses. Lead/antimony 
alloys have advantages both during the manufac- 
turing process of the electrode frames 
(improvement of the flow characteristics of the mol- 
ten metal in the moulds, greater hardness of the 
cast electrode frame) and during use of the battery; 
particularly in the case of cyclical loads, a good 
contact between terminal and active material is 
constantly ensured at the positive electrode in ad- 
dition to mechanical stability, so that a premature 
drop in capacity does not occur ("antimony-free" 
effect). 

However, antimony-containing positive elec- 
trodes have the disadvantage that antimony is dis- 
solved ionically, migrates through the separator 
and, because it is nobler than lead, is deposited on 
the negative electrode. This process is described 
as antimony poisoning. Through a reduction of the 
overvoltage for hydrogen, it leads to increased wa- 
ter consumption and thus requires more mainten- 
ance. Attempts have already been made to com- 
pletely or partially replace the antimony in the lead 
alloy with other alloy components, which, however, 
has not led to satisfactory results. 

For the electrical separation of the positive 
from the negative electrode plates in storage bat- 
teries, porous separators are used which are ar- 
ranged between the plates. In deep cycle batteries 
the most varied materials have already been tried 
and used as separators, but until now no system 
has been able to meet all requirements with the 
same degree of satisfaction. The problem of an- 
timony poisoning in particular has not yet been 
satisfactorily solved; reducing or delaying the thus- 
caused effects could considerably lengthen the life 
of batteries. 

Battery separators made from rubber are 
known. In German patent 414 975 a rubber mem- 
brane made from latex is described. Like all natural 
substances (previously, even wooden separators 
were used for example), this system has only in- 
sufficient chemical stability vis-a-vis sulphuric acid 
and oxidative attacks, so that the necessary battery 
life is not reached. 

A more recent version of a flexible rubber 
separator is described in US patent 4 213 815. 
Here a mixture of natural rubber and copolymers, 
pore-formers and auxiliary agents is laminated onto 
a macroporous fleece, and the polymer mixture is 



then partially crossiinked by electron beams. In 
addition to the only low chemical stability vis-a-vis 
sulphuric acid and oxidative attack, this separator is 
over-flexible, so that it cannot give the necessary 

5 support to the negative electrode mass to prevent 
overexpansion in cyclically charged cells. 

Improved chemical stability and more efficient 
support of the negative electrode mass is achieved 
by using porous hard-rubber separators. Such sep- 

io arators are described for example in German pub- 
lished applications 1 496 343 and 1 596 296. For 
process-related reasons, hard-rubber separators 
can only be manufactured with comparatively low 
porosity and thus display high electrical resistance 

is for the necessary ion stream in the battery. More- 
over, as a result of the vulcanization, the hard- 
rubber structure filled with silica becomes brittle, so 
that incorporation into the cell proves very difficult. 
To improve this situation, it has been proposed 

20 to laminate hard-rubber separators to a woven or 
non-woven material. German published application 
29 24 239 describes for example the lamination of 
a filled, vulcanized rubber layer to a polyester 
fleece, thus producing in turn separators with conrv 

25 paratively high electrical resistance or, if sheets of 
very thin thickness are produced, giving rise to 
cracks due to the brittleness of the hard-rubber and 
a lack of support effect. 

A similar embodiment is known from German 

30 published application 30 05 297 in which the micro- 
porous separator is provided with a glass-wool 
fleece on the side facing the negative plate. In 
addition to an increase in the electrical resistance, 
the danger exists with such separators that charg- 

35 ing gases will accumulate in the glass-wool fleece 
and thus trigger off a series of undesired secon- 
dary reactions. This problem is even more pro- 
nounced if the entire space between the electrodes 
is filled, as is proposed for example in German 

40 patent 944 440. Here a glass-fiber fleece is pro- 
cessed with a paste made of mineral substances 
and rubber as binding agent to produce a separa- 
tor. 

Nowadays, separators based on thermoplastic 
45 or thermosetting plastics are predominantly used 
as separators for lead/lead dioxide batteries with 
cyclical stress. Especially widely used is a separa- 
tor which consists of high-molecular-weight poly- 
ethylene containing as pore formers silica and a 
50 mineral oil, cf. German patent 1 496 123. A like- 
wise extensively used microporous separator made 
of a thermoset resin is proposed in German patent 
1 596 109. Moreover, there are other separators 
based on polyvinyl chloride or mixtures of other 
55 polymers and also with and without pore forming 
fillers. For applications with average cyclical loads, 
separators based on glass-fibers are also used. All 
these separators made of synthetic plastics or 
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glass-fibers have the characteristic that they have 
little or no effect on the chemical reaction se- 
quences in a battery - also not an advantageous 
one, e.g. delaying the antimony poisoning. On the 
other hand their chemical stability and their low 
electrical resistance are very advantageous. 

It has been shown that the processes con- 
nected to antimony poisoning can be influenced by 
separators; however, the mechanism of their influ- 
ence is unknown and the wooden or hard-rubber 
separators considered in this context display other 
serious disadvantages, as previously mentioned. 

Previous theories and proposals predominantly 
assume a capture mechanism on the basis of a 
chemical reaction with the antimony. Thus, sulphur 
(Japanese published application 60-250 566) or 
organic sulphur compounds including hard-rubber 
(German published application 31 11 473), resins 
with aminophosphonic groups (French patent 2 440 
085), tannic acid, sodium alizarin sulphonate, sali- 
cylic acid, p-cresol, resorcinol, pyrogallol, 
hydroquinone, catechol et al. (Japanese published" 
application 55-080 267), ethylene diamine 
tetraacetic acid (EDTA) (Japanese published ap- 
plication 54-156 139), polymethacrylic acid and 
polyvinyl alcohol (German published application 2 
755 319), cross-linked polyhydroxy ethyl 
methacrylate combined with other polymers 
(German published application 2 755 256) or even 
polyethylene oxide (US patent 3 518 124) have 
been proposed as suitable additives. This list by no 
means claims to be exhaustive; however, it must 
be stated that none of these proposals has found 
acceptance because the effect was either too small 
or not maintained for a sufficiently long time. 

Other proposals for delaying the antimony poi- 
soning with the aid of separators are based on 
physical interactions: Japanese published applica- 
tion 50-12 537 attributes the effect to low average 
pore diameter, although there are many examples 
demonstrating the opposite. German published ap- 
plication 32 22 361 claims an enlargement of the 
inner surface of the separator by coating or detach- 
ing soluble constituents, to increase the adsorption 
capacity for antimony ions. The thus achievable 
delay in the antimony poisoning can, however, not 
justify the costly production procedure. 

Another problem is known as "the top of 
charge" or "top of voltage" phenomenon. The typi- 
cal battery charger used for traction batteries has 
no battery temperature or current sensor for deter- 
mining when the battery is completely recharged. 
Rather, it is a simple device which supplies a high 
voltage to a battery until the operator or a timer 
causes the device to stop supplying the voltage. In 
some instances, the charger does not stop sup- 
plying the voltage before the battery is completely 
charged, thus causing the battery to become over- 



charged. This tends to occur more frequently as 
the age of the battery becomes greater. During an 
overcharge situation, the components of the bat- 
tery, in particular the plates and the separators.. 
5 become subjected to high temperatures which in- 
crease their susceptibility to oxidation or "burning" 
and thereby shorten the battery's life. 

It is an object of the invention to achieve a 
clear increase in the cycle life in the case of a 
w lead/sulphuric acid battery, particularly for cyclical 
conditions of use, by considerably delaying the 
antimony poisoning and avoiding the overcharge 
problem, without having to switch to battery sepa- 
rators, which, compared to the currently employed 
75 plastics separators, do not display low electrical 
resistance, low acid displacement or a good sup- 
port effect on the negative electrode. 

To achieve this object it is proposed to use un- 
crosslinked natural or synthetic rubber in a 
20 lead/sulphuric acid storage battery with negative 
and positive electrode plates between which sepa- 
rators of microporous plastics or of glass-fiber or of 
both are arranged. According to one preferred em- 
bodiment of the invention the separator of micro- 
25 porous plastics or glass fibers or of glass fibers 
laminated to a microporous plastics sheet can be 
provided on either or both surfaces with a layer 
comprising the rubber. The rubber-containing layer 
is preferably provided on the side of the separator 
30 facing the negative electrode plate. 

On the other hand it is also possible to incor- 
porate the un-crosslinked rubber in the separator 
sheet or a layer thereof, or in the negative elec- 
trode plate. Another embodiment involves deposit- 
35 ing the rubber as a coating onto the inner walls of 
the battery box. 

It has surprisingly been found that these mea- 
sures considerably delay the antimony poisoning, 
without other disadvantages having to be accepted, 
40 because plastics separators or glass-fiber separa- 
tors can be used with all their known advantageous 
characteristics. This particularly applies also if the 
battery separator is provided with an extremely thin 
layer of the un-crosslinked rubber. This combina- 
45 tion avoids the disadvantage of the short life of un- 
crosslinked rubber separators due to their lack of 
chemical resistance. Furthermore, the layer can be 
applied very thinly so that neither electrical resis- 
tance nor acid displacement are excessively in- 
so creased, because the conventional microporous 
separator assumes the support function and, be- 
cause of its mechanical stability, also exerts a 
sufficient support effect on the negative electrode 
against overexpansion. Rubber layers with a thick- 
55 ness of 0,05 to 0.6 mm and particularly 0.2 to 0.4 
mm have proved suitable. 

At present it is not yet possible to fully explain 
the success of the invention. Contrary to earlier 
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assumptions, any sulphur content is clearly not 
decisive because comparative tests have shown 
that the antimony poisoning can be only slightly 
delayed by adding sulphur containing vulcanized 
rubber. 

Suited as rubber are, in addition to natural 
rubber (e.g. commercial products such as Neotex 
4/404, Neotex Type 15, Neotex P6, Neotex LN, 
Neotex ISV and Neotex DC from Weber & Schaer, 
Hamburg) also the known synthetic rubbers such 
as methyl rubber, polybutadiene, chloropene rub- 
bers and copolymer rubbers. The latter include 
styrene/butadiene rubbers, acrylonitrile/butadiene 
rubbers, ethylene/propylene rubbers (EPM and 
EPDM) and ethylene/vinyl acetate rubbers. Further 
to be mentioned are butyl rubber, bromobutyl rub- 
ber, polyurethane rubber, epichlorhydrin rubber, 
potysulphide rubber, chlorosulphonyl polyethylene, 
polynorbornene rubber, acrylate rubber, fluorine 
rubber and silicone rubber. 

The separator can be formed of any micro- 
porous sheet material. Preferably, the base web is 
formed of a microporous material that is inert in a 
lead/acid battery environment. Moreover, it should 
be fairly stiff as one requirement of the separator is 
to maintain a constant pressure against the active 
materials, especially on the positive plates, thereby 
keeping the materials in place. The base web may 
be flat or have series of ribs formed upon one or 
both of its surfaces. Such ribs and their formation 
are well known in the art. Ribs may be formed 
separately on a flat sheet by extruding a PVC 
plastisol or a hot melt polyolefin material in narrow 
strips onto the flat sheet's surface. Alternatively, 
the ribs may be formed during the formation of the 
base web by calendaring, embossing or molding. 

The selected base web should have a backweb 
thickness of from about 250 to about 1 250 um and 
most preferably about 500 urn. By backweb thick- 
ness it is meant the thickness of the separator 
excluding the thickness of any ribs. The average 
pore size should be less than 10 urn, preferably 
less than 7 um, more preferably less than about 5 
urn. The base web should have sufficient strength 
and rigidity so as to be self-supportive and form- 
stable both during manufacture of the separator 
and during use in the battery. 

Preferred base webs include a microporous, 
polyolefinic, homogeneous sheets formed by ex- 
trusion, such as is taught by U.S. Patent 3 351 495, 
which is incorporated herein by reference in its 
entirety. Another preferred base web is a synthetic 
paper formed of a synthetic polymeric pulp, various 
polymeric and/or glass fibers, an inorganic filler 
such as silica or diatomaceous earth and one or 
more staple long fibers, having a length of at least 
0.65 cm and a dernier of about 1.5 to about 12. 
Such a base web and a method for making it is 



taught in U.S. Patents 4 216 281 and 4 265 985, 
which are incorporated herein by reference in their 
entireties. A more preferred base web is formed of 
a synthetic paper comprised of a small amount of 

5 synthetic pulp (1 to 20% by weight), from about 1 
to about 20% by weight of a staple fiber, such as a 
polyester or polyethylene or acrylic fiber, from 
about 40 to 60% by weight of one or more glass 
fibers, and the remainder of the separator compris- 

10 ing an inorganic filler, such as silica and small 
amounts of alum and other retention aids such as 
cationic or anionic copolymers, including cationical- 
ly or anionically modified high molecular weight 
polyacrylamides. The base web is formed accord- 

75 ing to the methods of U.S. Patents 4 216 281 and 4 
265 985 and then preferably impregnated with a 
latex binder system which provides additional rigid- 
ity to the base web. Such binders are well known 
and can be formed of epoxy resins, phenolic res- 

20 ins, acrylic resins styrene based resins and blends 
thereof. A preferred binder is formed of a blend of 
a carboxylated polystyrene latex and a phenolic 
resin in about equal proportions (as measured by 
weight of solids). The amount of latex applied to 

25 and retained by the base web should be sufficient 
to increase rigidity, but less than that which may 
adversely affect the characteristics of the base web 
or the finished separator. Generally, about 3 to 
about 15% of the latex by weight of the base web 

30 should be retained in the base web. 

Other materials, such as polyvinyl chloride 
sheets or phenolic aldehyde impregnated cellulosic 
sheets may also be used in forming the base web 
so long as they are stable in the lead/acid system 

35 and provide the required porosity and rigidty. 

The glass mats may be formed of a commer- 
cially available glass mat, such as DURA-GLASS 
MAT available from by Manville. Alternatively and 
preferably, it is formed of a blend of one or more 

40 glass fibers, small amounts of a staple, long plastic 
fiber such as polyester, polyethylene or an acrylic 
fiber (1 to 1 5% by weight) and/or small amounts of 
synthetic pulp, such as polyethylene pulp (1 to 
15% by weight). Preferably, two or more glass 

45 fibers are used, one relatively small in length and 
diameter and the other being a long fiber. The 
glass mat is formed by a wet paper making pro- 
cess as disclosed in U.S. Patents 4 216 281 and 4 
265 985 and is then impregnated with a flexible 

so latex, such as an acrylic latex and dried. This 
preferred glass mat has several advantages over 
the glass mat currently offered. It has a smaller 
average pore size, about 70 to 85 um diameter (as 
compared to about 160 um for commercially avail- 

55 able mats) and it is not as brittle or inflexible as 
commercially available glass mats due to the use 
of the plastic and the latex binder. The processes 
of U.S. Patents 4 216 281 and 4 265 985 are 
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particularly useful in forming this glass mat. 

- The glass mat should be essentially the same 
width as the base web to which it is bonded. In 
those instances where the separators are formed 
as separate pieces, the glass mat should also be 5 
the same height. It should have an average pore 
size of from about 40 to about 200 urn, preferably 
from about 75 to 100 um, most preferably about 80 
urn. The glass mat should be from about 125 to 
1250 urn in thickness, preferably about 500 urn in w 
thickness. 

For manufacturing the separators according to 
the invention, conventional microporous separators 
as described above which generally display a po- 
rosity between 40 and 90 %, are coated on one 75 
side, preferably on the side facing the negative 
electrode with a liquid slurry comprising un-cros- 
slinked rubber, silica and water, and are then dried. 
For better wettability of this layer, known wetting 
can be added to the slurry for use in lead batteries. 20 
After drying, a porous layer forms which adheres 
very well to the microporous separator and in- 
creases electrical resistance only insignificantly 
(approximately 50 mfl'cm 2 ); acid displacement 
likewise only increases by approximately 60 ml/m 2 25 
separator surface. 

A further embodiment of the present invention 
involves depositing the un-crosslinked rubber onto 
porous carrier materials by impregnation and dry- 
ing, : . (usually 20 to 60 g rubber/m 2 ) and arranging 30 
this impregnated carrier on the side of the conven- 
tional microporous separator facing the negative 
electrode. For this, glass mats, fleeces or fabrics 
made from synthetic fibers (or mixtures with syn- 
thetic (fibers) or paper as described above can be 35 
used as carrier materials. Bonding can be carried 
out by compression or adhesion. 

In another preferred embodiment the coating 
layer of un-crosslinked rubber is applied to one or 
both of the exposed surfaces of a separator. Pref- 40 
erably, it is applied to at least the side of the 
separator closest to the negative plate. More pref- 
erably, that side of the separator will be the ex- 
posed surface of the base web, i.e. the surface 
opposite that to which a glass mat may be at- 45 
tached. If desired, both the exposed surface of the 
base web and the exposed surface of the glass 
mat may have a coating layer. 

Alternatively or additionally, the un-crosslinked 
coating layer may be applied to one or both major 50 
surfaces of the base web before the saturation with 
a latex binder, if used, or before the bonding of the 
glass mat. Likewise, the coating layer may be 
applied to the glass mat before it is bonded to the 
base web. Further, the coating layer may be ap- 55 
plied to the base web after it has been saturated 
with the rigid latex binder, but before the bonding 
of the glass mat. Lastly, the coating may be ap- 
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plied during or subsequent to the application of the 
separately formed ribs, if used. As can be appre- 
ciated, the timing of the application and location of 
the coating layer is not critical to the present inven- 
tion so long as it provides the desired top of 
charge and antimony poisoning properties and 
does not adversely affect the other characteristics 
of the separator or the battery. 

The coating layer is preferably applied as a 
latex or a dispersion and then dried or cured upon 
the surface to which it is applied. Alternatively, one 
may form the coating layer as a microporous, form- 
stable, self-supporting sheet and attach it to the 
desired surface by various means such as by an 
adhesive along the adjourning outer edges, heat 
bonding, mechanical crimping or other mechanical 
means such as clips. Regardless of the manner in 
which the layer is applied, it must allow for elec- 
trolyte flow through its structure. The latex or dis- 
persion is thus preferred as they tend to form a 
porous structure. 

It is preferred that the coating layer be formed 
as a latex of natural rubber with typical well known 
dispersion aids and that the latex be applied to the 
desired surface by spraying, dipping or coating 
such that the natural rubber coating layer com- 
prises from about 1 to about 10% by weight of the 
finished separator, preferably from about 1 to 5%, 
more preferably from about 2 to 4% by weight. 

The separator may be formed by any means 
conventional for forming multilayered laminates of 
materials such as the following. 

One preferred method of forming the separator 
is to separately form running lengths (e.g. multiple 
separator lengths) of the base web and glass mat 
layers, and apply an adhesive strip to the outer 
edges of the surface of base web to which the 
glass mat is to be bonded. The glass mat is then 
aligned with and bonded to the base web via the 
adhesive strips. The coating layer is then applied 
to at least the surface of the separator closest to 
the negative plate which preferably is the exposed 
surface of the base web. The application of the 
coating layer is preferably by a roll coater or spray 
nozzle such that a layer of about 0.5 to 4% of 
natural rubber by weight of the separator is ap- 
plied. The separator is then cut to length. 

Alternatively, pieces of base web and glass 
mat can be cut to a desired length, bonded to- 
gether and then coated with the coating layer in a 
manner as set forth above. 

Optionally, the base web/glass mat structure 
may be impregnated with a relatively stiff poly- 
meric latex before the application of the coating 
layer. This latex tends to increase the stiffness of 
the finished separator which is desirable trait in 
such batteries. The polymeric latex can be se- 
lected from any relatively stiff polymer system in- 
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eluding but not limited to styrene resins, epoxy 
resins, phenolic resins and mixtures thereof. A pre- 
ferred latex is formed of equal proportions of a 
carboxylated polystyrene latex and a phenolic resin 
(based upon weight of solids). 

Another preferred method of forming a separa- 
tor is to coat at least one surface of the separator 
directly with an uncrosslinked rubber layer, prefer- 
ably by a roll coater or spray nozzle such that a 
layer of about 0.5 to 4% of rubber by weight of the 
separator is applied. If desired, a glassmat may 
then be attached to the separator. Optionally, the 
coated separator may be used as is without any 
glassmat. 

The finished separator thus has a positive plate 
engaging face, and a negative engaging face. It is 
preferred that the un-crosslinked rubber layer form 
the negative plate engaging face when arranged in 
a battery between a positive and a negative plate. 

The separator has an overall thickness of from 
about 1 to about 3.75 mm, preferably about 1.5 to 
2.5 mm. The average pore size for the finished 
separator should .be less than 10 urn, preferably 
less than 5 urn and more preferably less than 3 
um. 

Electrical resistance should be as low as possi- 
ble, however, for deep cycle batteries, the level of 
electrical resistance need not be as low as that 
required for automobile starting batteries. Prefer- 
ably the electrical resistance will be less than 390 
mQ'cm 2 (60 mn*inch 2 ), more preferably less than 
325 mQ'cm 2 (50 mfl'inch 2 ). 

Finally, sufficiently porous separators, e.g. 
glass-fiber separators can be impregnated with a 
rubber latex and subsequently dried. 

Figure 1 shows one embodiment of a battery 
separator made according to the present invention 
in a planar, partial cross sectional view: 
The battery separator 1 is comprised of three lay- 
ers, a base web 2, a glass mat 3 and a natural 
rubber coating 4 on the exposed surface of the 
base web 2. The glass mat and base web are 
bonded together, preferably at their respective out- 
er margins. Suitable means for bonding include 
both sealing adhesives, various mechanical means, 
such as clips, or crimping and other means for 
bonding two layers together as are well known in 
the art. 

The following examples serve to illustrate the 
invention. 

Example 1 

To 77 g of a mixture comprising 23.7 wt-% 
silica (Akzo: Ketjensil SM 604 G). 2.4 wt-% cel- 
lulose fibers (Rettenmaier: Arbocell 60/30), 0.8 wt- 
% sodium alginate (Kelco International GmbH: 
Manutex RD) and 73.2 wt-% ion-exchanged water 



were added under stirring 23 g of a mixture com- 
prising 90 wt-% natural latex milk (Weber & 
Schaer, Neotex 4/04), 8.75 wt-% of an aqueous 
13.5 wt-% lauryl sulphate Na-salt solution and 1.25 

5 wt-% of a standard commercial pigment (Colanyl 
N, Hoechst). The obtained paste was deposited 
with the aid of a coating knife in a thickness of 
approximately 0.4 mm onto the side of a micro- 
porous separator facing the negative electrode. The 

to porous rubber Si0 2 coat was dried for 20 minutes 
at 110 *C. The dried coat contained approximately 
50 g of natural rubber/m 2 . In an accelerated life 
test, a separator manufactured in this way reached 
a cycle count of 150 cycles. In comparison, an 

75 uncoated separator achieved only approximately 70 
cycles until failure. 

Example 2 

20 A glass mat with a thickness of approximately 

0.4 mm and a square metre weight of approxi- 
mately 60 g, comprising 60 wt-% glass-fibers with 
a typical fiber diameter of 13 um, 6 wt-% cellulose, 

4 wt-% polyester fibers and 30 wt-% acrylate bind- 
25 er, was impregnated with a natural latex milk. The 

latex had a natural rubber content (dry rubber 
content, DRC) of approximately 60 wt-%. Using a 
pair of rubber steel rolls, excess latex was pressed 
out at a pressure of 0.24 kp/mm. The thus obtained 

30 still damp glass rubber mat contained, after drying 
for 5 minutes at approximately 120 *C, approxi- 
mately 50 g rubber/m 2 . 

The glass rubber mat was bonded to a micro- 
porous DARAK® (Grace GmbH) separator on the 

35 side facing the negative electrode. 

The thus manufactured separator was subject- 
ed to a DIN 43 539-03 battery cycle test. Whilst a 
battery with identical separators without impreg- 
nated glass rubber mat reached a pre-set degree 

40 of antimony poisoning (corresponding to 2.5 V final 
cell charging voltage) after approximately 600 cy- 
cles, 1200 cycles were measured for the separator 
with glass rubber mat according to the invention. 

45 Example 3 

A web comprising glass-fibers, polyester fibers, 
silica and carboxyl group-containing polystyrene as 
binding agent was impregnated in a calandering 
so process until saturation with an aqueous solution 
comprising the following: 
2 wt-% of a carboxylated polystyrene latex 

5 % non-ionic/anionic surfactants 
15 wt-% phenolic resin 

55 1 8 wt-% natural rubber latex. 

Between 17 and 22 wt-% (relative to the web) 
of the solution constituents were absorbed by the 
fiber web. 



11 



EP 0 507 090 A1 



12 



The saturated web was subsequently dried and 
cured at 1 50°C. 

Example 4 

A base web made according to the processes 
of the U.S. Patents 4 216 281 and 4 265 985 was 
formed from 31% of a 3 am average diameter 
glass fiber, 20% of 1 um average diameter glass 
fiber, 10% of polyester stable fiber, 0.64 cm long 
with a 16 um average diameter, 28% of silica, 3% 
polyethylene pulp and 8% of a latex binder formed 
of equal amounts of carboxylated polystyrene and 
a phenolic resins (all amounts by weight of the 
base web). 

A glass mat was formed of 40% by weight 2.5 
um average diameter glass fibers of random 
lengths 10% of 0.65 cm x 15 um average diameter 
glass fiber, 15% of 1.27 cm by 15 um average 
diameter glass fiber, 10% of 0.65 cm polyester 
staple fiber having a 1.5 dernier, 10% polyethylene 
pulp, 10% acrylic latex binder, 3% alum and 2% 
retention aid by the process of U.S. Patents 4 216 
281 and 4 265 985 (all amounts by weight of the 
glass mat). 

PVC plastisol ribs about 1016 um in height 
were extruded onto one of the two major surfaces 
of the base web and cured. The glass mat was 
attached to the major surface of the base web by 
an acrylic adhesive applied to the tops of the ribs. 
The base web and glass mat combination was then 
saturated with latex formed of equal portions of a 
carboxylated polystyrene and a phenolic resin and 
dried at 1 50 • C for about 20 minutes. The side of 
the separator having the exposed major surface of 
the base web, which in this embodiment would 
face the negative plate, was then sprayed with a 
diluted solution of natural rubber latex so as to 
deposit about 0.5 to 5% natural ruber (by weight of 
the separator) on the separator surface. 

The separator had an overall thickness of 2.5 
mm, an average pore size of 2.8 um and an elec- 
trical resistance of 258 mO'cm 2 (40 mO*inch 2 ). 

The separator of the present invention has ex- 
cellent characteristics and provides an improve- 
ment over existing separators in performance, ease 
of manufacture, cost and availability. Moreover, the 
use of the un-crosslinked natural rubber coating 
has been found to reduce the potential for an- 
timony poisoning and to positively affect the Top of 
Charge behavior of the battery. Additionally, when 
a synthetic paper or a microporous extruded sheet 
is used as the base web, the rate and frequency of 
dendritic growth and its resulting shorting of the 
plates is substantially reduced. 

While the present invention has been de- 
scribed in reference to its preferred embodiments, 
other variations, modifications and equivalents 



would be obvious to one skilled in the art and it is 
intended in the specification and appended claims 
to include all such variations, modifications and 
equivalents therein. 

5 

Claims 

1. A lead/sulphuric acid storage battery with im- 
proved stability against antimony poisoning having 

70 negative and positive electrode plates, between 
which separators made of a material selected from 
the group comprising microporous plastics, glass- 
fibers, cellulosic sheets or a combination of micro- 
porous plastics or cellulosic sheets with glass fi- 

75 bers both are arranged, said battery comprising un- 
crosslinked natural or synthetic rubber. 

2. A battery according to claim 1 , characterized in 
that the microporous plastics separators are pro- 
vided with a layer comprising un-crosslinked natu- 

20 ral or synthetic rubber. 

3. A battery according to claim 2, characterized in 
that the layer comprising un-crosslinked natural or 
synthetic rubber has a thickness of 0.05 to 0.6 mm. 

4. A battery according to claim 2 or 3, character- 
25 ized in that the microporous plastics separators are 

provided on the side facing the negative electrode 
plate with a layer comprising un-crosslinked natural 
or synthetic rubber. 

5. A battery according to claim 1, characterized in 
30 that the microporous plastics separators are pro- 
vided with a porous carrier layer comprising un- 
crosslinked natural or synthetic rubber. 

6. A battery according to claim 5, characterized in 
that the microporous plastics separators are pro- 

35 vided, on the side facing the negative electrode 
plate, with a porous carrier layer comprising un- 
crosslinked natural or synthetic rubber. 

7. A battery according to claim 6, characterized in 
that the microporous plastics separators are pro- 

40 vided, on the side facing the negative electrode 
plate, with a porous carrier layer of glass fibers 
impregnated with un-crosslinked natural or syn- 
thetic rubber. 

8. A battery according to claim 1, characterized in 
45 that the separators are made of a microporous 

plastic sheet material having two major surfaces, a 
glass mat layer adjacent one of the major surfaces 
of the sheet material and a coating of un-crosslin- 
ked natural or synthetic rubber applied to either an 
so outer surface of the glass mat, or the major surface 
adjacent the glass mat, or both. 

9. A battery according to claim 8, characterized in 
that the base web and glass mat of the separator 
have been impregnated with an additional binder 

55 before application of the un-crosslinked natural or 
synthetic rubber coating layer. 
8. A battery according to claim 1, characterized in 
that un-crosslinked natural or synthetic rubber is 
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incorporated into the separator sheet. 

9. A battery according to claim 1, characterized in 
that the un-crosslinked natural or synthetic rubber 
is incorporated into the negative electrode plate. 

10. A battery according to claim 1, characterized in 5 
that the un-crosslinked natural or synthetic rubber 

is deposited as a coating onto the inner walls of the 
battery box. 

11. A separator for use in a lead/sulphuric acid 
storage battery into which un-crosslinked natural or w 
syn-thetic rubber have been incorporated. 

12. A separator according to claim 11, character- 
ized in that the separator is provided with a layer 
comprising un-crosslinked natural or synthetic rub- 
ber, is 

13. A separator according to claim 12, character- 
ized in that the separator is provided with a layer 
comprising un-crosslinked natural or synthetic rub- 
ber which layer has a thickness of 0.05 to 0.6 mm. ( 

14. A separator according to claim 12, character- 20 
ized in that the separator is provided on its side 
facing the negative electrode plate with a layer 
comprising un-crosslinked natural or synthetic rub- 
ber. 

15. A separator according to claim 11, character- 25 
ized in that the separator is provided with a porous 
carrier layer comprising un-crosslinked natural or 
synthetic rubber. 

16. A separator according to claim 15, character- 
ized in that it is provided, on the side facing the 30 
negative electrode plate, with a porous carrier layer 

of glass fibers impregnated with un-crosslinked nat- 
ural or synthetic rubber. 

17. A separator according to claim 15, character- 
ized in that the microporous separator is provided, 35 
on the side facing the negative electrode plate, with 
a porous carrier layer comprising un-crosslinked 
natural or synthetic rubber. 

18. A separator according to claim 11, character- 
ized in that the it is made of a microporous plastic 40 
sheet material having two major surfaces, a glass 
mat layer adjacent one of the major surfaces of the 
sheet material and a coating of un-crosslinked nat- 
ural or synthetic rubber applied to either an outer 
surface of the glass mat, or the major surface 45 
adjacent the glass mat, or both. 

19. A separator according to claim 18, character- 
ized in that the base web and glass mat of the 
separator have been impregnated with an addi- 
tional binder before application of the un-crosslin- 50 
ked natural or synthetic rubber coating layer. 

20. A separator according to claim 11, character- 
ized in that un-crosslinked natural or synthetic rub- 
ber is incorporated into the separator sheet. 

55 
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